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METHOD FOR TRANSMITTING
INFORMATION, NETWORK DEVICE AND
TERMINAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s the U.S. national phase appli-
cation of PC'T Application No.PCT/CN2016/110753 filed on

Dec. 19, 2016, the disclosure of which 1s incorporated herein
in its entirety by reference.

TECHNICAL FIELD

The application relates o the field of communication, and
more particularly to a method, network device and terminal
device for transmitting information.

BACKGROUND

A downlink control channel in a Long Term Evolution
(LTE) system 1s transmitted on first few Orthogonal Fre-
quency Division Multiplexing (OFDM) symbols of each
time-domain scheduling unit (called a subiframe in LTE). A

control region 1s time-irequency resources in first few
OFDMsymbols of the whole system bandwidth, and 1is
shared by each terminal device. A control channel config-
ured for a terminal device 1s transmitted by a network side
at some specific positions related to the terminal device. The
physical resources with different sizes may also dynamically
allocated by the network side according to a requirement
such as a load of a control signal and a coding bit error rate
to transmit a control channel of each terminal. The physical
resources with diflerent sizes and different specific positions
form positions and available resources probably for trans-
mission of the control channel configured for the terminal
device. A certain specific position and the corresponding
resource are called a candidate for the control channel
configured for the terminal device, and all these candidates
are collectively referred to as a control channel search space
of the terminal device. The terminal device 1s required to
perform blind detection on a candidate of 1ts own control
channel in 1ts own control channel search space 1n a control
region of each subirame to detect whether there 1s a control
signal sent to 1t by the network side or not until finding the
candidate. If the terminal device does not find 1ts own
control channel after completing blind detection over 1its
own control channel search space, the terminal device may
make such a hypothesis that the network side has no control
channel to be sent to it.

There 1s a certain difference between control channel
designs 1n a Sth-Generation (3G) system and LTE. First of
all, a control region 1s not the whole system bandwidth but
may be part of 1t. In addition, beamiorming or other factors
may also be required to be considered.

Therefore, there 1s an urgent need for a technical solution
of control channel transmission suitable for a 5G system to
improve system performance.

SUMMARY

Embodiments of the application provide a method, a
network device and a terminal device for transmitting infor-
mation, which may improve system performance.

A first aspect provides a method for transmitting infor-
mation, which may include the following operations.
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2

A time-frequency resource for a downlink control channel
of at least one terminal device 1s determined, the time-
frequency resource for the downlink control channel of the
at least one terminal device being mapped 1n a first control
region within a bandwidth of a system in a manner of
mapping 1n a frequency domain and then in a time domain.

The downlink control channel of the at least one terminal
device 1s sent through the time-frequency resource for the
downlink control channel of the at least one terminal device.

In the embodiments of the application, a network device
maps the time-frequency resource for the downlink control
channel of the at least one terminal device 1n the first control
region 1n the manner of mapping 1n the frequency domain
and then 1n the time domain. In such a manner, one or more
downlink control channels may be mapped onto an OFDM
symbol to facilitate implementation of a transmission man-
ner such as beamforming according to a requirement of a 5G
system, so that downlink coverage may be improved, and
system performance may be improved.

In some possible implementation modes, the manner of
mapping in the frequency domain and then in the time
domain may include the following operations.

A first OFDM symbol 1n the first control region 1s mapped
along the frequency domain, and then a next OFDM symbol
in the first control region 1s mapped.

In some possible implementation modes, the operation
that the time-frequency resource for the downlink control
channel of the at least one terminal device may include the
following operations.

A Control Channel Element (CCE) resource correspond-
ing to at least one control channel candidate of a specific
terminal device 1n the at least one terminal device in the first
control region 1s determined according to at least one of: a
Radio Network Temporary Identity (RNTI) of the specific
terminal device, a present time-domain scheduling umit
number, a carrier ifrequency number, a CCE Aggregation
Level (AL), a beam number and/or a cell 1identifier.

Responsive to that the CCE resource corresponding to the
first control channel candidate 1s not allocated, the CCFE
resource corresponding to the first control channel candidate
1s allocated to the specific terminal device, and responsive to
that the CCE resource corresponding to the first control
channel candidate has been allocated, an unallocated CCE
resource corresponding to a next control channel candidate
1s allocated to the specific terminal device.

After CCE resource allocation for the at least one terminal
device 1s completed, a CCE resource in the first control
region 1s mapped 1n the manner ol mapping 1n the frequency
domain and then in the time domain to obtain the time-
frequency resource for the downlink control channel of the
at least one terminal device.

In some possible implementation modes, a CCE resource
corresponding to a control channel candidate may be con-
tinuous on the frequency domain.

In some possible implementation modes, the method may
further include the following operation.

Control region configuration information 1s sent to the at
least one terminal device, the control region configuration
information being for indicating a configuration of the first
control region.

In some possible implementation modes, the method may
further include the following operation.

Configuration information of a first search space 1s sent to
the specific terminal device i1n the at least one terminal
device, the configuration information of the first search
space being for indicating an OFDM symbol where the
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time-frequency resource for the downlink control channel of
the specific terminal device 1s located.

In some possible implementation modes, an OFDM sym-
bol 1n the first control region may be associated with a beam
number, and the time-irequency resource for the downlink
control channel corresponding to a specific beam number
may be located on the OFDM symbol associated with the
specific beam number.

In some possible implementation modes, the method may
turther include the following operation.

Configuration information of a second search space 1s sent
to the at least one terminal device, the configuration infor-
mation of the second search space being for indicating the
OFDM symbol associated with the beam number.

In some possible implementation modes, the operation
that the downlink control channel of the at least one terminal
device 1s sent through the time-frequency resource for the
downlink control channel of the at least one terminal device
may include the following operation.

The downlink control channel of the at least one terminal
device 1s sent by beamiorming on at least one OFDM
symbol in the first control region through the time-frequency
resource for the downlink control channel of the at least one
terminal device.

A second aspect provides a method for transmitting
information, which may include the following operations.

A time-frequency resource for a downlink control channel
of at least one terminal device 1s determined, the time-
frequency resource for the downlink control channel of the
at least one terminal device being mapped 1n a first control
region within a bandwidth of a system 1n a manner of
mapping 1n a time domain and then 1n a frequency domain.

The downlink control channel of the at least one terminal
device 1s sent through the time-frequency resource for the
downlink control channel of the at least one terminal device.

In the embodiments of the application, a network device
maps the time-frequency resource for the downlink control
channel of the at least one terminal device 1n the first control
region in the manner of mapping 1n the time domain and
then 1n the frequency domain. In such a manner, one or more
downlink control channels may be mapped onto different
OFDM symbols on a Physical Resource Block (PRB) to
multiplex control channel resources and save control chan-
nel resources, so that system performance may be improved.

In some possible implementation modes, the manner of
mapping in the time domain and then in the frequency
domain may include the following operations.

All OFDM symbols on a first PRB 1n the first control
region are mapped along the time domain, and then all
OFDM symbols on a next PRB in the first control region are
mapped.

In some possible implementation modes, the operation
that the time-irequency resource for the downlink control
channel of the at least one terminal device may include the
following operations.

A CCE resource corresponding to at least one control
channel candidate of a specific terminal device 1n the at least
one terminal device 1n the first control region 1s determined
according to at least one of: an RN'TT of the specific terminal
device, a present time-domain scheduling unit number, a
carrier frequency number, a CCE AL, a beam number and/or
a cell 1dentifier.

Responsive to that the CCE resource corresponding to the
first control channel candidate 1s not allocated, the CCE
resource corresponding to the first control channel candidate
1s allocated to the specific terminal device, and responsive to
that the CCE resource corresponding to the first control
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channel candidate has been allocated, an unallocated CCE
resource corresponding to a next control channel candidate
1s allocated to the specific terminal device.

After CCE resource allocation for the at least one terminal
device 1s completed, the CCE resources 1n the first control
region are mapped 1n the manner of mapping 1n the time
domain and then in the frequency domain to obtain the
time-irequency resource for the downlink control channel of
the at least one terminal device.

In some possible implementation modes, a CCE resource
corresponding to a control channel candidate may be con-
tinuous on the frequency domain/the time domain.

In some possible implementation modes, the method may
further include the following operation.

Control region configuration information 1s sent to the at
least one terminal device, the control region configuration
information being for indicating a configuration of the first
control region.

A third aspect provides a method for transmitting infor-
mation, which may include the following operations.

Configuration information sent by a network device 1s
received, the configuration information being for indicating
a configuration of a first control region corresponding to a
terminal device within a bandwidth of a system.

A downlink control channel of the terminal device 1is
detected 1n the first control region according to the configu-
ration information.

In some possible implementation modes, the operation
that the downlink control channel of the terminal device 1s
detected 1n the first control region according to the configu-
ration information may include the following operations.

The first control region and a mapping manner for the first
control region are determined according to the configuration
information.

A CCE resource corresponding to at least one control
channel candidate of the terminal device 1n the first control
region 1s determined according to at least one of: an RNTI
of the specific terminal device, a present time-domain sched-
uling unit number, a carrier frequency number, a CCE AL,
a beam number or a cell 1dentifier.

The downlink control channel of the terminal device 1s
detected according to the CCE resource corresponding to the
at least one control channel candidate and the mapping
mannet.

In some possible implementation modes, the mapping
manner for the first control region may be a manner of
mapping 1n a frequency domain and then in a time domain,
and the first control region may include one or more OFDM
symbols.

In some possible implementation modes, the mapping
manner for the first control region may be a manner of
mapping 1n a time domain and then 1n a frequency domain,
and the first control region may include multiple OFDM
symbols.

A fourth aspect provides a network device, which
includes modules configured to execute the method 1n the
first aspect or any possible implementation mode of the first
aspect.

A fifth aspect provides a network device, which includes
modules configured to execute the method 1n the second
aspect or any possible implementation mode of the second
aspect.

A sixth aspect provides a terminal device, which includes
modules configured to execute the method in the third aspect
or any possible implementation mode of the third aspect.

A seventh aspect provides a network device. The network
device includes a processor, a memory and a communication
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interface. The processor 1s connected with the memory and
the communication interface. The memory 1s configured to

store an instruction, the processor 1s configured to execute
the 1nstruction, and the communication interface 1s config-
ured for communicating with other network element(s)
under control of the processor. When the processor executes
the 1nstruction stored 1n the memory, such execution enables
the processor to execute the method 1n the first aspect or any
possible implementation mode of the first aspect, or the
second aspect or any possible implementation mode of the
second aspect.

An eighth aspect provides a terminal device. The terminal
device includes a processor, a memory and a communication
interface. The processor 1s connected with the memory and
the communication interface. The memory 1s configured to
store an instruction, the processor 1s configured to execute
the 1nstruction, and the communication interface 1s config-
ured for communicating with other network element(s)
under control of the processor. When the processor executes
the 1nstruction stored in the memory, such execution enables
the processor to execute the method in the third aspect or any
possible implementation mode of the third aspect.

A ninth aspect provides a computer-readable medium,
which 1s configured to store a computer program, the com-
puter program including an instruction configured to execute
the method 1n the first aspect or any possible implementation
mode of the first aspect.

A tenth aspect provides a computer-readable medium,
which 1s configured to store a computer program, the com-
puter program including an instruction configured to execute
the method 1n the second aspect or any possible implemen-
tation mode of the second aspect.

An eleventh aspect provides a computer-readable
medium, which 1s configured to store a computer program,
the computer program including an 1nstruction configured to
execute the method in the third aspect or any possible
implementation mode of the third aspect.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of a communication system
to which the embodiments of the application may be applied.

FIG. 2 1s a schematic diagram of a resource set according,
to an embodiment of the application.

FIG. 3 1s a schematic diagram of CCEs according to an
embodiment of the application.

FIG. 4 1s a schematic diagram of control channel candi-
dates according to an embodiment of the application.

FIG. 5 15 a schematic flowchart of a method for transmait-
ting information according to an embodiment of the appli-
cation.

FIG. 6 1s a schematic diagram of a mapping manner
according to an embodiment of the application.

FI1G. 7 1s a schematic flowchart of a method for transmit-
ting information according to another embodiment of the
application.

FIG. 8 1s a schematic diagram of a mapping manner
according to another embodiment of the application.

FI1G. 9 1s a schematic tlowchart of a method for transmit-
ting information according to another embodiment of the
application.

FIG. 10 1s a schematic block diagram of a network device
according to an embodiment of the application.

FI1G. 11 1s a schematic block diagram of a network device
according to another embodiment of the application.

FI1G. 12 15 a schematic block diagram of a terminal device
according to an embodiment of the application.
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FIG. 13 1s a schematic structure diagram of a network
device according to another embodiment of the application.

FIG. 14 1s a schematic structure diagram of a terminal
device according to another embodiment of the application.

DETAILED DESCRIPTION

The technical solutions in the embodiments of the appli-
cation will be described below in combination with the
drawings 1n the embodiments of the application.

FIG. 1 1s a schematic diagram of a communication system
to which the embodiments of the application may be applied.
As shown 1n FIG. 1, a network 100 may include a network
device 102 and terminal devices 104, 106, 108, 110, 112 and
114 Here, the network device 1s wirelessly connected with
the terminal devices. It 1s to be understood that FIG. 1 1s only
described with the example that the network includes one
network device, which however 1s not intended to limit the
embodiments of the application. For example, the network
may include more than one network devices. Similarly, the
network may include more terminal devices, and the net-
work device may also include other devices.

Each embodiment of the application 1s described 1n com-
bination with a terminal device. The terminal device may
also refer to User Equipment (UE), an access terminal, a user
unit, a user station, a mobile radio station, a mobile station,
a remote station, a remote terminal, a mobile device, a user
terminal, a terminal, a wireless communication device, a
user agent, a user device or the like. The access terminal may
be a cell phone, a cordless phone, a Session Initiation

Protocol (SIP) phone, a Wireless Local Loop (WLL) station,
a Personal Digital Assistant (PDA), a handheld device with
a wireless communication function, a computing device, a
processing device connected to a wireless modem, a vehicle-
mounted device, a wearable device, a terminal device 1n a
future 5G network, a terminal device in a future evolved
Public Land Mobile Network (PLMN) or the like.

Each embodiment of the application 1s described 1n com-
bination with a network device. The network device may be
a device configured to communicate with the terminal
device. The network device may be a Base Transceiver
Station (B'TS) 1n a Global System of Mobile Communication
(GSM) or Code Division Multiple Access (CDMA) system,
or may also be a NodeB (NB) in a Wideband Code Division
Multiple Access (WCDMA) system, or may also be an
Evolutional Node B (eNB or eNodeB) 1n an LTE system, or
may be a wireless controller 1n a Cloud Radio Access
Network (CRAM) scenario. Or the network device may be
a relay station, an access point, a vehicle-mounted device, a
wearable device, a network device 1n a future 5G network,
a network device 1n a future evolved PLMN or the like.

There are two types of downlink control channels 1n a 3G
system. One 1s common control channels and the other 1s
UE-specific downlink control channels. A common control
channel 1s configured to broadcast some common 1nforma-
tion to all terminal devices or part of terminal devices. A
UE-specific downlink control channel 1s configured to trans-
mit downlink related control information, such as configu-
ration mnformation about data transmission, to a specified
terminal device. The terminal device may detect the down-
link control information configured for the terminal device

in a downlink time-domain scheduling unit such as a slot or
a mini-slot to determine whether downlink data 1s transmiut-
ted 1n a network or not and demodulates the downlink data
through the related configuration information. The technical
solutions of the embodiments of the application may be
applied to UE-specific downlink control channels.
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Unlike a 4th-Generation (4G) system, 1n a 5G system, a
downlink control region, also called a control resource set,
does not cover the whole system bandwidth on a frequency
domain but only include part of Ifrequency-domain
resources. This region may be formed by a plurality of
continuous or discontinuous PRBs in the frequency domain.
This 1s because a frequency band covered by the 5G system
may be very wide (particularly in a high frequency band), as
a result, a large number of resources of the terminal device
may be consumed in a case that the terminal device 1s
required to detect a control channel on the whole frequency
band. In a time domain, the downlink control region 1s not
tformed by all OFDM symbols in a time-domain scheduling
unit but formed by one or more OFDM symbols. Generally
speaking, the OFDM symbols are located at the start of the
downlink time-domain scheduling unit. Such a design 1s
adopted to ensure that there 1s suilicient time for the terminal
device to complete demodulating a data channel after detect-
ing a control signal to meet requirements of some applica-
tions, particularly a requirement of a low-latency applica-
tion. FIG. 2 1llustrates such a resource set.

A control channel 1s usually transmitted by the following
steps: a cyclic error correcting code 1s added to the tail of
control information, then 1s coded, modulated and prepro-
cessed (via, for example, transmit diversity or beamiorming)
through the control channel and then i1s transmitted on an
allocated physical resource.

Since control channels may have different loads, code
rates after coding are also diflerent (according to require-
ments on the bit error rate and the channel quality). A
downlink control channel may be transmitted through one or
more CCEs, for example, through 1, 2, 4,8, . . . CCEs, and
this 1s also called a CCE aggregation level (CCE AL). As
shown 1n FIG. 3, a CCE may also be formed by a few control
resource units, and a control resource unit 1s a time-ire-
quency resource formed by a PRB 1n the frequency domain
and an (or more) OFDM symbol in the time domain, and
may be considered as a minimum resource unit for control
channel transmission.

A downlink control region may be shared by multiple
terminal devices, which means that downlink control chan-
nels of all of the multiple terminal devices are transmitted in
this downlink control region. Generally speaking, a terminal
device 1s required to perform blind detection in a corre-
sponding downlink control region 1n a time-domain sched-
uling unit to obtain 1ts own downlink control channel. For
avoiding collisions between downlink control channels of
different terminal devices in the same downlink control
region, the downlink control channel sent to each terminal
device 1s required to be transmitted on a specific resource,
and the terminal device 1s also required to search 1ts own
downlink control channel by blind detection on the specific
resource. These specific resources and different downlink
control channel candidates which may be transmitted
thereon, for example, candidates based on the same or
different CCE ALs, are collectively referred to as search
spaces of the downlink control channels of the terminal
devices.

FI1G. 4 1llustrates an example of different downlink control
channel candidates, based on the same or different CCE AlL.s,
of a terminal device. For example, there may be eight
candidates based on CCE AL=1. For example, there may be
four candidates based on CCE AL=2. For example, there
may be two candidates based on CCE AL=4. For example,
there may be one candidate based on CCE AL=8. Resources
for these candidates may be completely overlapped, or
partially overlapped, or non-overlapped. The terminal
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device may not know about the specific candidate (including
the candidates based on the same or different CCE ALs)
adopted by a network side to send its control channel, and
thus 1s not required to detect 1ts own control channel by blind
detection on all the resources of all the possible candidates.
If no control signal for the terminal device 1s detected on all
the possible candidates, the terminal device has to make
such a hypothesis that the network side does not send the
control signal to 1t 1n a present scheduling unait.

FIG. 5 1s a schematic tflowchart of a method 500 for
transmitting information according to an embodiment of the
application. The method 3500 1s executed by a network
device, for example, a network device 102 in FIG. 1. As
shown 1 FIG. 5, the method 500 includes the following
operations.

In S510, a time-frequency resource for a downlink control
channel of at least one terminal device 1s determined, the
time-irequency resource for the downlink control channel of
the at least one terminal device being mapped in a frequency
domain and then 1n a time domain 1n a first control region
within a bandwidth of a system.

In S520, the downlink control channel of the at least one
terminal device 1s sent through the time-frequency resource
for the downlink control channel of the at least one terminal
device.

In the embodiment of the application, the first control
region 1s a control region in the system bandwidth. The
network device maps the time-frequency resource for the
downlink control channel of the at least one terminal device
in the first control region 1in the manner of mapping 1n the
frequency domain and then in the time domain. In such a
manner, one or more downlink control channels may be
mapped onto an OFDM symbol to facilitate transmission
such as beamforming according to a requirement of a 3G
system, so that downlink coverage may be improved, and
system performance may be improved.

Optionally, the manner of mapping in the frequency
domain and then 1n the time domain 1ncludes the following
operations:

a first OFDM symbol 1n the first control region 1s mapped
in the frequency domain, and then a next OFDM symbol 1n
the first control region 1s mapped.

Optionally, the network device may determine a CCE
resource corresponding to at least one control channel
candidate of a specific terminal device in the at least one
terminal device in the first control region according to at
least one of: an RNTI of the specific terminal device, a
present time-domain scheduling unit number, a carrier ire-
quency number, a CCE AL, a beam number and/or a cell
identifier.

If the CCE resource corresponding to the first control
channel candidate 1s not allocated, the CCEFE resource corre-
sponding to the first control channel candidate 1s allocated to
the specific terminal device. If the CCE resource corre-
sponding to the first control channel candidate has been
allocated, an unallocated CCE resource corresponding to a
next control channel candidate 1s allocated to the specific
terminal device.

After CCE resource has been allocated for the at least one
terminal device, the CCE resources 1n the first control region
are mapped 1n the manner of mapping 1n the frequency
domain and then in the time domain to obtain the time-
frequency resource for the downlink control channel of the
at least one terminal device.

Specifically, the network device arranges all possible
downlink control channel resources in the first control
region by taking a CCE as a unit and then determines a CCE
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resource corresponding to a certain control channel candi-
date of the specific terminal device 1n the first control region
according to one or more of the parameters. These resources
are continuous CCEs (for example, 1if N CCEs are used for
the whole channel, N continuous CCE resources are used).

If part or all of a CCE resource corresponding to a control
channel candidate has been allocated to other terminal
device(s), the network device may continue determining a
CCE resource corresponding to a next control channel
candidate until finding a CCE resource which may be
configured to transmit the control channel candidate and has
vet not been used.

The network device repeats the steps to determine a
resource available for a downlink control channel candidate
ol each terminal device which may be scheduled.

Then, the network device maps the CCE resources (allo-
cated and unallocated) i1n the first control region onto
physical resources 1n sequence 1n the manner of mapping in
the frequency domain and then in the time domain. For
example, the first OFDM symbol 1n the first control region
1s filled along the frequency domain, then the second OFDM
symbol in the first control region 1s filled along the fre-
quency domain, and the rest can be done 1n the same manner
t1ll the end.

When the manner of mapping in the frequency domain
and then 1n the time domain 1s adopted, the CCE resource
corresponding to a control channel candidate 1s continuous
on the frequency domain.

In the embodiment, a time-irequency resource of a down-
link control channel of a certain terminal device may be
located on an OFDM symbol. That 1s, for the terminal
device, the control region may be an OFDM symbol.

As shown 1 FIG. 6, 1f a control region (probably shared
with other terminal(s)) allocated for a certain specific ter-
minal 1s the first OFDM symbol (although the whole control
resource set region includes three OFDM symbols), the
network device arranges all CCEs sequentially 1n this time-
frequency resource region, then determines an index of a
starting CCE of a control channel resource for the terminal
device according to the above rule and simultaneously
determine how many CCEs are needed (namely determining
a CCE AL) according to the load and code rate of control
information. For example, 1f CCE AL=4, four CCEs are
required, and the network device may allocate four continu-
ous CCEs to the terminal device. After resource allocation
has been completed for all terminal devices, the network
device may map all the CCEs to the first OFDM symbol 1n
the control resource set 1n sequence along the frequency
domain. In addition, i multiple OFDM symbols are config-
ured, the first OFDM symbol may be mapped along the
frequency domain, then the second OFDM symbol is
mapped along the frequency domain, and so on.

The solution of the embodiment may be applied to a beam
system, 1n which one or more control channels are mapped
onto an OFDM symbol for transmission, so that beamform-
ing 1s facilitated, and downlink coverage and performance
are 1mproved.

Specifically, the network device may send the downlink
control channel of the at least one terminal device by
beamforming on at least one OFDM symbol 1n the first
control region through the time-frequency resource for the
downlink control channel of the at least one terminal device.

It 1s to be understood that, in the embodiment of the
application, the first control region may include one or more
OFDM symbols. That 1s, the network device may implement
the technical solution of the embodiment of the application
with a control region including one OFDM symbol, and the
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technical solution of the embodiment of the application may
also be implemented with a control region including mul-
tiple OFDM symbols. For the control region including
multiple OFDM symbols, with adoption of the manner of
mapping 1n the frequency domain and then in the time
domain, time-irequency resources for downlink control

channels of one or more terminal devices may be located on
one OFDM symbol.

Optionally, the network device may further send control
region configuration information to the at least one terminal
device, the control region configuration information being
configured to indicate a configuration of the first control
region.

Specifically, the control region configuration information
may indicate a frequency-domain configuration and time-
domain configuration of the first control region.

Since the time-irequency resource for the downlink con-
trol channel of the specific terminal device 1s located on an
OFDM symbol 1n the first control region, the frequency-
domain configuration of the first control region may also be
determined as a frequency-domain configuration of a search
space region of the control the specific terminal device.

Optionally, the network device may further send configu-
ration information of a first search space to the specific
terminal device in the at least one terminal device, the
configuration information of the first search space being
configured to indicate the OFDM symbol where the time-
frequency resource for the downlink control channel of the
specific terminal device 1s located. This 1s a time-domain
configuration of the search space region of the control
channel of the specific terminal device.

Optionally, the configuration of the first control region
may be semi-statically configured through high-layer sig-
naling. The time-domain configuration of the search space
region of the control channel of the specific terminal device
may be semi-statically configured through the high-layer
signaling, or may also be dynamically configured through
physical-layer signaling, for example, broadcasting through
a physical-layer common channel.

Optionally, the OFDM symbols 1n the first control region
may be associated with beam numbers, and the time-ire-
quency resource for the downlink control channel corre-
sponding to a specific beam number 1s located on the OFDM
symbol associated with the specific beam number.

Optionally, the network device may further send configu-
ration information of a second search space to the at least
one terminal device, the configuration information of the
second search space being configured to indicate the OFDM
symbol associated with the beam number.

Search spaces may be configured for different beams by
associating beam numbers with the OFDM symbols. For
example, configuration may be made as shown 1n Table 1.
Such configuration may refer to semi-static configuration
with high-layer signaling.

TABLE 1

Configuration value Meaning

00 First OFDM symbol (frequency-domain mapping)
01 Second OFDM symbol (frequency-domain mapping)
10 Third OFDM symbol (frequency-domain mapping)
11 Time-domain mapping

In Table 1, “time-domain mapping” may represent a
manner of mapping 1n a time domain and then 1n a frequency
domain described 1n the following embodiments.
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FIG. 7 1s a schematic flowchart of a method 700 for
transmitting information according to another embodiment
of the application. The method 700 1s executed by a network
device, for example, a network device 102 1n FIG. 1. As
shown 1 FIG. 7, the method 700 includes the following
operations.

In S710, a time-frequency resource for a downlink control
channel of at least one terminal device 1s determined, the
time-frequency resource for the downlink control channel of
the at least one terminal device being mapped 1n a first
control region within a bandwidth of a system in a manner
of mapping 1in a time domain and then in a frequency
domain.

In S720, the downlink control channel of the at least one
terminal device 1s sent through the time-frequency resource
for the downlink control channel of the at least one terminal
device.

In the embodiment of the application, the first control
region 1s a control region in the system bandwidth. The
network device maps the time-frequency resource for the
downlink control channel of the at least one terminal device
in the first control region 1n the manner of mapping 1n the
time domain and then in the frequency domain. In such a
manner, one or more downlink control channels may be
mapped onto different OFDM symbols on a PRB to multi-
plex control channel resources and save control channel
resources, so that system performance may be improved.

Optionally, the manner of mapping 1n the time domain
and then in the frequency domain includes the following
operations:

All OFDM symbols on a first PRB 1n the first control
region are mapped along the time domain, and then all
OFDM symbols on a next PRB in the first control region are
mapped.

Optionally, the network device may determine a CCE
resource corresponding to at least one control channel
candidate of a specific terminal device in the at least one
terminal device in the first control region according to at
least one of: an RNTI of the specific terminal device, a
present time-domain scheduling unit number, a carrier fre-
quency number, a CCE AL, a beam number and/or a cell
identifier.

If the CCE resource corresponding to the first control
channel candidate 1s not allocated, the CCEFE resource corre-
sponding to the first control channel candidate 1s allocated to
the specific terminal device; and 11 the CCE resource cor-
responding to the first control channel candidate has been
allocated, an unallocated CCE resource corresponding to a
next control channel candidate 1s allocated to the specific
terminal device.

After CCE resource allocation for the at least one terminal
device has been completed, the CCE resources in the first
control region are mapped 1n the manner of mapping in the
time domain and then in the frequency domain to obtain the
time-frequency resource for the downlink control channel of
the at least one terminal device.

Specifically, the network device sequentially arranges all
possible downlink control channel resources in the first
control region by taking a CCE as a unit and then determines
a CCE resource corresponding to a certain control channel
candidate of the specific terminal device 1n the first control
region according to one or more of the parameters. These
resources are continuous CCEs (for example, 1f N CCEs are
used for the whole channel, N continuous CCE resources are
used).

It part or all of a CCE resource corresponding to a control
channel candidate has been allocated to other terminal
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device(s), the network device may continue determining a
CCE resource corresponding to a next control channel
candidate until finding a CCE resource which can be used to
transmit the control channel candidate and has yet not been
used.

The network device repeats the operations above to
determine a resource available for a downlink control chan-
nel candidate of other terminal device(s).

Then, the network device maps the CCE resources (allo-
cated and unmallocated) in the first control region onto
physical resources 1n sequence 1n the manner of mapping in
the time domain and then in the frequency domain. For
example, all OFDM symbols (which may be filled by taking
a control resource unit as a unit) allocated to control chan-
nels 1n a PRB 1n the first control region are filled along the
time domain, then all OFDM symbols allocated to the
control channels 1n a next PRB 1n the first control region are
filled along the time domain, and the rest can be done 1n the
same manner t1ll the end.

Optionally, the CCE resource corresponding to a control
channel candidate 1s continuous on the frequency domain/
the time domain.

As shown 1n FIG. 8, 1f a control region (probably shared
with other terminal(s)) allocated for a certain specific ter-
minal 1s the whole control resource set region (including
three OFDM symbols), the network device arranges all
CCEs m this time-frequency resource region 1n sequence,
then determines an index of a starting CCE of a control
channel resource for the terminal device according to the
above rule and simultaneously determine the number of
required CCEs (namely determining a CCE AL) according
to a load and code rate of control information. For example,
if CCE AL=4, four CCEs are required, and the network
device may allocate four continuous CCEs to the terminal
device. After resource allocation for the control channels of
all the terminal devices to be scheduled 1s completed, the
network device may divide all the CCEs into a plurality of
resource units (four in the FIG. 8), and i1 each resource unit
occupies time-frequency resources of a frequency-domain
PRB and a time-domain OFDM symbol, the network device
maps the CCEs (and the resource units therein) onto all the
OFDM symbols 1n sequence (according to a sequence from
small to large symbol indexes) on the first PRB 1n the control
resource set along the time domain, then maps them onto all
the OFDM symbols on a second PRB 1n the control resource
set 1n sequence, and adopts the same manner for the rest to
complete all mapping.

The solution of the embodiment may be applied to a
non-beam system, in which one or more control channels are
mapped onto different OFDM symbols on a PRB {for trans-
mission, so that control channel resources may be multi-
plexed, and control channel resources are saved.

Optionally, the network device may further send control
region configuration information to the at least one terminal
device, the control region configuration information being
configured to indicate a configuration of the first control
region.

The control region configuration information may indi-
cate a Irequency-domain configuration and time-domain
configuration of the first control region.

Optionally, the configuration of the first control region
may be semi-statically configured through high-layer sig-
naling.

The information transmission method of the embodiments
of the application 1s described above from a network device
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side, and the information transmission method of the
embodiments of the application will be described below
from a terminal device side.

FIG. 9 1s a schematic flowchart of a method 900 for
transmitting information according to an embodiment of the
application. The method 900 1s executed by a terminal
device, for example, a terminal device in FIG. 1. As shown
in FI1G. 9, the method 900 includes the following operations.

In 5910, configuration information sent by a network
device 1s recerved, the configuration information indicating
a configuration of a first control region corresponding to a
terminal device within a bandwidth of a system.

In S§920, a downlink control channel of the terminal
device 1s detected 1n the first control region according to the
configuration information.

Optionally, the terminal device may determine the first
control region and a mapping manner for the first control
region according to the configuration information.

A CCE resource corresponding to at least one control
channel candidate of the terminal device 1n the first control
region 1s determined according to at least one of: an RNTI
of the specific terminal device, a present time-domain sched-
uling unit number, a carrier frequency number, a CCE AL,
a beam number or a cell 1dentifier.

The downlink control channel of the terminal device 1s
detected according to the CCE resource corresponding to the
at least one control channel candidate and the mapping
mannet.

Optionally, the mapping manner for the first control
region 1s a manner ol mapping 1n the frequency domain and
then 1n the time domain, and the first control region includes
one or more OFDM symbols.

Optionally, the mapping manner for the first control
region 1s a manner ol mapping in the time domain and then
in the frequency domain, and the first control region includes
multiple OFDM symbols.

Specifically, the terminal device may determine a size of
the control region, the mapping manner and the total number
of CCEs according to the configuration information, then
determine a CCE resource corresponding to a certain control
channel candidate of the terminal device in the control
region according to one or more ol the parameters and
perform blind detection on the control channel according to
the CCE resource corresponding to the control channel
candidate and the mapping manner. If blind detection fails,
the terminal device repeats the operations above to detect
other control channel candidate(s) until detecting its own
control channel, and 11 not, the terminal device may make
such a hypothesis that the network device does not send 1ts
control channel.

It 1s to be understood that, in the embodiment of the
application, interaction between the network device and the
terminal device as well as related properties, functions and
the like described from the network device side correspond
to descriptions made from the terminal device side and will
not be elaborated herein for simplicity.

It 1s to be understood that, in various embodiments of the
application, a magnitude ol a sequence number of each
process does not mean an execution sequence. The execu-
tion sequence of each process should be determined by its
function and an internal logic, but should not form any limait
to an 1mplementation process of the embodiments of the
application.

The information transmission method according to the
embodiments of the application 1s described above 1n detail.
The network device and terminal device according to the
embodiments of the application will be described below. It
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1s to be understood that the network device and terminal
device of the embodiments of the application may execute
various methods 1n the abovementioned embodiments of the
application. That 1s, the following specific working process
of each device may refer to the corresponding process 1n the
method embodiments.

FIG. 10 1s a schematic block diagram of a network device
1000 according to an embodiment of the application. As
shown 1n FIG. 10, the network device 1000 includes a
processing module 1010 and a transceiver module 1020.

The processing module 1010 determines a time-frequency
resource for a downlink control channel of at least one
terminal device, the time-frequency resource for the down-
link control channel of the at least one terminal device being
mapped 1n a first control region within a bandwidth of a
system 1n a manner of mapping in a frequency domain and
then 1n a time domain.

The transceiver module 1020 1s configured to send the
downlink control channel of the at least one terminal device
through the time-irequency resource for the downlink con-
trol channel of the at least one terminal device.

Optionally, the manner of mapping in the frequency
domain and then 1n the time domain 1ncludes the following
operations.

A first OFDM symbol 1n the first control region 1s mapped
along the frequency domain, and then a next OFDM symbol
in the first control region 1s mapped.

Optionally, the processing module 1010 1s specifically
configured to:

determine a CCE resource corresponding to at least one
control channel candidate of a specific terminal device 1n the
at least one terminal device in the first control region
according to at least one of: an RN'TI of the specific terminal
device, a present time-domain scheduling unit number, a
carrier frequency number, a CCE AL, a beam number and/or
a cell 1dentifier;

i the CCE resource corresponding to the first control
channel candidate 1s not allocated, allocate the CCE resource
corresponding to the first control channel candidate to the
specific terminal device, and 11 the CCE resource corre-
sponding to the first control channel candidate has been
allocated, allocate an unallocated CCE resource correspond-
ing to a next control channel candidate to the specific
terminal device; and

after CCE resource allocation for the at least one terminal
device 1s completed, map the CCE resources 1n the first
control region 1n the manner of mapping in the frequency
domain and then in the time domain to obtain the time-
frequency resource for the downlink control channel of the
at least one terminal device.

Optionally, the CCE resource corresponding to a control
channel candidate 1s continuous on the frequency domain.

Optionally, transcerver module 1020 1s further configured
to send control region configuration information to the at
least one terminal device, the control region configuration
information being configured to indicate a configuration of
the first control region.

Optionally, the transceiver module 1020 1s further con-
figured to send configuration information of a first search
space to the specific terminal device in the at least one
terminal device, the configuration information of the first
search space being used to indicate the OFDM symbol
where the time-frequency resource for the downlink control
channel of the specific terminal device 1s located.

Optionally, the OFDM symbols in the first control region
are associated with beam numbers, and the time-frequency
resource for the downlink control channel corresponding to
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a specific beam number 1s located on the OFDM symbol
associated with the specific beam number.

Optionally, the transceiver module 1020 1s further con-
figured to send configuration information of a second search
space to the at least one terminal device, the configuration
information of the second search space being used to indi-
cate the OFDM symbol associated with the beam number.

Optionally, the transceiver module 1020 1s specifically
configured to send the downlink control channel of the at

least one terminal device by heamforming on at least one
OFDM symbol 1n the first control region through the time-
frequency resource for the downlink control channel of the
at least one terminal device.

FIG. 11 1s a schematic block diagram of a network device
1100 according to another embodiment of the application.
As shown 1n FIG. 11, the network device 1100 includes a
processing module 1110 and a transcerver module 1120.

The processing module 1110 1s configured to determine a
time-frequency resource for a downlink control channel of at
least one terminal device, the time-frequency resource for
the downlink control channel of the at least one terminal
device being mapped in a first control region within a
bandwidth of a system 1n a manner of mapping in a time
domain and then 1n a frequency domain.

The transceiver module 1120 1s configured to send the
downlink control channel of the at least one terminal device
through the time-frequency resource for the downlink con-
trol channel of the at least one terminal device.

Optionally, the manner of mapping in the time domain
and then in the frequency domain includes the following
operations:

all OFDM symbols on a first PRB 1n the first control
region are mapped along the time domain, and then all
OFDM symbols on a next PRB in the first control region are
mapped.

Optionally, the processing module 1110 1s specifically
configured to:

determine a CCE resource corresponding to at least one
control channel candidate of a specific terminal device 1n the
at least one terminal device in the first control region
according to at least one of: an RNTI of the specific terminal
device, a present time-domain scheduling unit number, a
carrier frequency number, a CCE AL, a beam number and/or
a cell 1identifier;

if the CCE resource corresponding to the first control
channel candidate 1s not allocated, allocate the CCE resource
corresponding to the first control channel candidate to the
specific terminal device, and 1t the CCE resource corre-
sponding to the first control channel candidate has been
allocated, allocate an unallocated CCE resource correspond-
ing to a next control channel candidate to the specific
terminal device: and

after CCE resource allocation for the at least one terminal
device 1s completed, map the CCE resources in the first
control region 1n the manner of mapping in the time domain
and then i the frequency domain to obtain the time-
frequency resource for the downlink control channel of the
at least one terminal device.

Optionally, the CCE resource corresponding to a control
channel candidate 1s continuous on the frequency domain/
the time domain.

Optionally, transceiver module 1120 1s further configured
to send control region configuration information to the at
least one terminal device, the control region configuration
information being configured to indicate a configuration of
the first control region.
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The network device 1000 and network device 1100
according to the embodiments of the application may cor-
respond to the network device 1n the information transmis-
sion method according to the embodiments of the applica-
tion and the abovementioned. Other operations and/or
functions of each module therein are adopted to implement
the corresponding tlows of each method respectively and
will not be elaborated herein for simplicity.

FIG. 12 15 a schematic block diagram of a terminal device
1200 according to an embodiment of the application. As
shown 1n FIG. 12, the terminal device 1200 includes a
transceiver module 1210 and a processing module 1220.

The transceiver module 1210 1s configured to receive
configuration mformation from a network device, the con-
figuration information indicating a configuration of a first
control region corresponding to the terminal device within a
bandwidth of a system.

The processing module 1220 1s configured to detect a
downlink control channel of the terminal device 1n the first
control region according to the configuration information.

Optionally, the processing module 1220 1s specifically
configured to:

determine the first control region and a mapping manner
for the first control region according to the configuration
information;

determine a CCE resource corresponding to at least one
control channel candidate of the terminal device 1n the first
control region according to at least one of: an RNTI of the
specific terminal device, a present time-domain scheduling
unmit number, a carrier frequency number, a CCE AL, a beam
number or a cell 1dentifier; and

detect the downlink control channel of the terminal device
according to the CCE resource corresponding to the at least
one control channel candidate and the mapping manner.

Optionally, the mapping manner for the first control
region 1s a manner of Irequency domain mapping and then
time domain mapping, and the first control region includes
one or more OFDM symbols.

Optionally, the mapping manner for the first control
region 15 a manner of time domain mapping and then
frequency domain mapping, and the first control region
includes multiple OFDM symbols.

The terminal device 1200 according to the embodiment of
the application may correspond to the terminal device 1n the
information transmission method according to the embodi-
ment of the application and the abovementioned. Other
operations and/or functions of each module in the terminal
device 1200 are adopted to implement the corresponding
flows of each method respectively and will not be elaborated
herein for simplicity.

FIG. 13 1llustrates a structure of a network device accord-
ing to another embodiment of the application. The structure
includes at least one processor 1302 (for example, Central
Processing Unit (CPU)), at least one network interface 1305
or other communication interface and a memory 1306.
These components form communication connections. The
processor 1302 i1s configured to execute an executable
module, for example, a computer program, stored in the
memory 1306. The memory 1306 may include a high-speed
Random Access Memory (RAM) or may also include a

non-volatile memory, for example, at least one disk memory.
A communication connection with at least one network
clement 1s 1implemented through the at least one network
interface 1305 (which may be wired or wireless)
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In some implementation modes, the memory 1306 stores
a program 13061, and the processor 1302 may execute the
program 13061 to execute the method 1n each embodiment
ol the application.

FI1G. 14 illustrates a structure of a terminal device accord-
ing to another embodiment of the application. The structure
includes at least one processor 1402 (for example, CPU), at
least one network interface 1405 or other communication
interface and a memory 1406. These components form
communication connections. The processor 1402 1s config-
ured to execute an executable module, for example, a
computer program, stored in the memory 1406. The memory
1406 may include a high-speed RAM and may also mclude
a non-volatile memory, for example, at least one disk
memory. A communication connection with at least one
other network element may be implemented through the at
least one network interface 1405 (which may be wired or
wireless).

In some 1mplementation modes, the memory 1406 stores

a program 14061, and the processor 1402 executes the
program 14061 to execute the method 1n each embodiment
of the application.

It 1s to be understood that the specific examples 1n the
embodiment of the application are adopted not to limait the
scope of the embodiment of the application but to help those
skilled 1n the art to better understand the embodiment of the
application.

It 1s to be understood that, in the embodiments of the
application, the term “and/or” represents only an association
relationship describing associated objects and represents
that there are three relationships. For example. A and/or B
may represent three conditions, 1.e., independent existence
of A, coexistence of A and B and independent existence of
B. In addition, character “/” in the disclosure usually rep-
resents that previous and next associated objects form an
“or” relationship.

Those of ordinary skilled 1n the art may realize that the
units and algorithm steps of each example described in
combination with the embodiments disclosed 1n the disclo-
sure may be implemented by electronic hardware, computer
soltware or a combination of the two. For clearly describing
exchangeability of hardware and software, the compositions
and steps of each example have been generally described 1n
the foregoing descriptions according to functions. Whether
these functions are executed in a hardware or software
manner depends on specific applications and design con-
straints of the technical solutions. Professionals may realize
the described functions for each specific application through
different methods, but such realization shall fall within the
scope of the application.

Those skilled 1n the art may clearly learn about that
specific working processes of the system, device and unit
described above may refer to the corresponding processes 1n
the method embodiments and will not be elaborated herein
for convenient and brief description.

In some embodiments provided by the application, 1t 1s to
be understood that the described system, device and method
may be implemented 1n other manners. For example, the
device embodiments described above are only schematic,
and for example, division of the units 1s only logic function
division, and other division manners may be adopted during
practical implementation. For example, multiple units or
components may be combined or integrated into other
system(s), or some characteristics may be neglected or not
executed. In addition, coupling or direct coupling or com-
munication connection between each displayed or discussed
component may be indirect coupling or communication
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connection between devices or units through interfaces,
which may be electrical and mechanical or in other forms.

The units described as separate parts may or may not be
physically separated, and parts displayed as units may or
may not be physical units, which namely may be located in
the saute place or may also be distributed to multiple
network units. Part or all of the units may be selected to
achieve the purpose of the solutions of the embodiments of
the application according to a practical requirement,

In addition, each functional unit in each embodiment of
the application may be integrated into a processing unit,
cach unit may also physically exist independently, and two
or more than two units may also be integrated into a unit.
The integrated unit may be implemented in a hardware form
and may also be implemented 1n form of software functional
unit.

When implemented 1n form of a software functional unit
and sold or used as an independent product, the integrated
unit may be stored 1n a computer-readable storage medium.
Based on such an understanding, the technical solutions of
the application substantially or the parts making contribu-
tions to the conventional art or all or part of the technical
solutions may be embodied as a software product. The
computer software product i1s stored 1n a storage medium,
including a plurality of instructions configured to enable a
computer device (which may be a personal computer, a
server, a network device or the like) to execute all or part of
the steps of the method 1n each embodiment of the appli-
cation. The abovementioned storage medium includes: vari-
ous media capable of storing program codes such as a U
disk, a mobile hard disk, a Read-Only Memory (ROM), a
RAM, a magnetic disk or an optical disk.

The above 1s only the specific implementation mode of
the application and not intended to limit the scope of
protection ol the application. Various equivalent modifica-
tions or replacements are apparent to those skilled in the art
within the technical scope disclosed by the application and
these modifications or replacements shall fall within the
scope of protection of the application. Therefore, the scope
of protection of the application shall be subject to the scope
of protection of the claims.

What 1s claimed 1s:

1. A method for transmitting information, comprising:

determiming a time-frequency resource for a downlink

control channel of at least one terminal device, wherein
the time-irequency resource for the downlink control
channel of the at least one terminal device 1s mapped 1n
a first control region within a bandwidth of a system 1n
a manner of mapping 1n a frequency domain and then
in a time domain; and

sending the downlink control channel of the at least one

terminal device through the time-frequency resource
for the downlink control channel of the at least one
terminal device;

wherein determining the time-frequency resource for the

downlink control channel of the at least one terminal
device comprises:

determiming a Control Channel Element (CCE) resource

corresponding to at least one control channel candidate
of a specific terminal device in the at least one terminal
device 1n the first control region according to at least
one of: a Radio Network Temporary Identity (RNTI) of
the specific terminal device, a present time-domain
scheduling unit number, a carnier frequency number, or
a CCE Aggregation Level (AL);

responsive to that the CCE resource corresponding to the

first control channel candidate 1s not allocated, allocat-
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ing the CCE resource corresponding to the first control
channel candidate to the specific terminal device; and
responsive to that the CCE resource corresponding to
the first control channel candidate has been allocated,
allocating an unallocated CCE resource corresponding
to a next control channel candidate to the specific
terminal device; and

after CCE resource allocation for the at least one terminal
device 1s completed, mapping a CCE resource 1n the
first control region in the manner of mapping in the
frequency domain and then in the time domain to
obtain the time-irequency resource for the downlink
control channel of the at least one terminal device.

2. The method of claim 1, turther comprising;:

sending control region configuration information to the at
least one terminal device, wherein the control region
configuration information indicates a configuration of
the first control region.

3. The method of claim 1, further comprising:

sending configuration information of a first search space
to a specific terminal device 1n the at least one terminal
device, wherein the configuration information of the
first search space indicates an OFDM symbol where the
time-irequency resource for the downlink control chan-
nel of the specific terminal device 1s located.

4. The method of claim 1, wherein sending the downlink
control channel of the at least one terminal device through
the time-irequency resource for the downlink control chan-
nel of the at least one terminal device comprises:

sending the downlink control channel of the at least one
terminal device by beamforming on at least one OFDM
symbol 1n the first control region through the time-
frequency resource for the downlink control channel of
the at least one terminal device.

5. The method of claim 1, wherein an OFDM symbol in
the first control region 1s associated with a beam number,
and the time-frequency resource for the downlink control
channel corresponding to a specific beam number 1s located
on an OFDM symbol associated with the specific beam
number.

6. The method of claim 3, further comprising:

sending configuration information of a second search
space to the at least one terminal device, wherein the
configuration mformation of the second search space
indicates the OFDM symbol associated with the beam
number.

7. A network device, comprising;

a processor, configured to determine a time-irequency
resource for a downlink control channel of at least one
terminal device, wherein the time-frequency resource
for the downlink control channel of the at least one
terminal device 1s mapped 1 a first control region
within a bandwidth of a system 1n a manner of mapping
in a frequency domain and then 1n a time domain; and

a network interface, configured to send the downlink
control channel of the at least one terminal device
through the time-frequency resource for the downlink
control channel of the at least one terminal device;

wherein the processor 1s configured to:

determine a Control Channel Element (CCE) resource
corresponding to at least one control channel candidate
ol a specific terminal device 1n the at least one terminal
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device 1 the first control region according to at least
one of: a Radio Network Temporary Identity (RNTI) of
the specific terminal device, a present time-domain
scheduling unit number, a carrier frequency number, or

a CCE Aggregation Level (AL);

responsive to that the CCE resource corresponding to the
first control channel candidate 1s not allocated, allocate
the CCE resource corresponding to the first control
channel candidate to the specific terminal device; and
responsive to that the CCE resource corresponding to
the first control channel candidate has been allocated,
allocate an unallocated CCE resource corresponding to
a next control channel candidate to the specific terminal
device; and

alter CCE resource allocation for the at least one terminal

device 1s completed, map a CCE resource in the first
control region according to the manner of mapping 1n
the frequency domain and then in the time domain to
obtain the time-irequency resource for the downlink
control channel of the at least one terminal device.

8. The network device of claim 7, wherein the manner of
mapping in the frequency domain and then in the time
domain comprises:

mapping a first Orthogonal Frequency Division Multi-

plexing (OFDM) symbol 1n the first control region
along the frequency domain, and then mapping a next
OFDM symbol 1n the first control region.

9. The network device of claim 7, wherein a CCE resource
corresponding to a control channel candidate 1s continuous
on the frequency domain.

10. The network device of claim 7, wherein the network
interface 1s further configured to send control region con-
figuration information to the at least one terminal device,
wherein the control region configuration information 1s for
indicating a configuration of the first control region.

11. The network device of claim 7, wherein the network
interface 1s further configured to send configuration infor-
mation of a first search space to a specific terminal device in
the at least one terminal device, wherein the configuration
information of the first search space 1s for indicating an
OFDM symbol where the time-frequency resource for the
downlink control channel of the specific terminal device 1s
located.

12. The network device of claim 7, wherein an OFDM
symbol in the first control region 1s associated with a beam
number, and the time-irequency resource for the downlink
control channel corresponding to a specific beam number 1s
located on an OFDM symbol associated with the specific
beam number.

13. The network device of claim 12, wherein the network
interface 1s further configured to send configuration infor-
mation of a second search space to the at least one terminal
device, wherein the configuration information of the second
search space 1s for indicating OFDM symbol associated with
the beam number.

14. The network device of claim 10, wherein the network
interface 1s specifically configured to send the downlink
control channel of the at least one terminal device by
beamiorming on at least one OFDM symbol 1n the first
control region through the time- frequency resource for the
downlink control channel of the at least one terminal device.
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